Projectiles made of lead alloys are used for waterfowl hunting in Europe. The paper demonstrated that lead pellets, due to their construction and use, contaminate the environment, especially water ecosystems. During one hunting session, tens of thousands of lead balls are introduced to the environment. Moreover, dispersed heavy metal is ingested by birds as gastroliths; as a result, game birds as well as protected birds become intoxicated with lead. During hunting trips, birds are also injured. When entering into the food chain, lead from pellets poses a risk to many living organisms, including predators and scavengers. Injured or intoxicated birds have difficulty joining seasonal migrations.
introduction
It has been shown that levels of elements and chemical compounds in tissues of game animals are dangerously high (Felsmann et al. 1999 , 2001 , BaBińska et al. 2008 , Binkowski et al. 2013 . Tissues of animals shot with lead pellets present a particular risk to humans (mateo et al. 2011) . The content of lead in the muscles of game birds is sometimes so high that these birds should not be consumed by humans. Considering the huge number of lead pellets fired during waterfowl hunting, it may be concluded that lead which they contain is the main source of contamination of local biocenoses with this element (kendall et al. 1996 , Felsmann et al. 1999 , Henny et al. 2000 , Brewer et al. 2003 , mateo, Guitard 2003 , svanBerG et al. 2006 , mateo et al. 2007 , BaBińska et al. 2008 , Felsmann et al. 2010 , sanderson et al. 2012 , Binkowski et al. 2013 , mateo et al. 2014 .
Moreover, it is hard to approve of the fact hunting certain duck species is allowed although they can be easily mistaken for protected species. However, the permission to do so is granted by law (Regulation No 45) . The authors know cases of garganeys being shot when mistakenly taken for young mallards or cases of shooting such characteristic birds as shovelers.
mallard as a popular game species
Mallard (Anas platyrhynchos) represents the most common bird from the Anas genus living in Europe (Bauer et al. 2005) . In Poland, the species from this genus inhabit water reservoirs rich in nutrients (Książkiewicz 2006) . Many birds are increasingly often overwintering in cities and adopting a sedentary mode of life (Książkiewicz 2006) . Adult individuals weigh approximately 1 kg (up to 1.5 kg) with a wing span of about 1 m and a similar total length from the beak to the end of rectrices. These birds demonstrate distinct sexual dimorphism. The differences are most evident in plumage (especially during the reproduction season). The mallard, as a representative of Anatini, rarely dives and collects food from the surface of water or by immersing only the head and neck to ingest food from just beneath the surface; it also feeds on land. Due to the prevalence and nesting on areas that are easily accessible to humans, mallards are the most common target for hunters in many countries (Książkiewicz 2006) .
Despite the regulations on avian protection, the European Union leaves the issues of hunting for local settling by the member states (Directive … 2009). The hunting season for mallards starts at the end of summer (mid-August in Poland) and lasts until the beginning of the following year (until the end of December in Poland) (reGulation No 48). In this time slot, it is difficult to distinguish young mallards by their body silhouette and size from adult individuals of different duck species (for instance, from garganeys and common teals).
environmental pollution during waterfowl hunting
Pellets which are commonly used for duck hunting contain several hundred lead projectiles (Felsmann et al. 2010) . As a result, thousands of new pellets made of very toxic metal are released to local biocenoses during each hunting session. Even if each shot hit the target, it would be irrelevant for environmental pollution as only a few projectiles are needed to shoot a bird. The number of pellets fired during hunting season (August -December) at a location inhabited by birds is too high to be accepted. The dispersion of lead that is introduced to the environment exacerbates the risk to living organisms (kendall et al. 1996 , Bouton, Pevsner 2000 , Henny et al. 2000 , mateo, Guitard 2003 , deGernes 2006 , svanBerG et al. 2006 , mateo et al. 2007 , Felsmann et al. 2010 , sanderson et al. 2012 . The form of projectiles (minute balls) causes very slow release of lead, which occurs in the absence of natural processes that would facilitate its removal from the environment (kendall et al. 1996) . Lead pellets are deposited in bottom sediments of water reservoirs, whereas in soil they are moved slowly into deeper layers by gravity (Henny et al. 2000 , mateo, Guitard 2003 ). In the aquatic environment, lead has easy access to the food chain (kendall et al. 1996 , Felsmann et al. 1999 , Henny et al. 2000 , mateo, Guitard 2003 , deGernes 2006 , svanBerG et al. 2006 , mateo et al. 2007 ). In soil, this element stays in pellets for a very long time, leading to its high concentration in hunting areas (kendall et al. 1996 (kendall et al. , Felsmann et al. 2010 .
Lead pellets ingested as gastroliths are a serious risk to most avian species due to the physical properties of this metal (kendall et al. 1996 (kendall et al. , mateo et al. 2000 (kendall et al. , mateo, Guitard 2003 (kendall et al. , mateo et al. 2007 ). Birds do not have sensory capacities to let them distinguish pebbles (small pieces of rock) from lead pellets (kendall et al. 1996, mateo et al. 2000) . The process of food grinding in the gizzard results in microscopic particles of this metal being removed from the surface of pellets. Lead is absorbed into the body as chemical compounds formed in the distal segments of the digestive tract (daury et al. 1993 , kendall et al. 1996 , mateo et al. 2007 , Binkowski et al. 2013 .
The negative impact of lead on living organisms is widely known, especially its adverse effect on functions of the nervous system in higher animals .
The hazards associated with lead in pellets was noted several decades ago in the USA, where shooting of birds with toxic pellets was effectively eliminated (Brewer et al. 2003) . In other countries, attempts are being undertaken to eliminate this hazard (kendall et al. 1996 (kendall et al. , mateo et al. 2001 (kendall et al. , noer et al. 2007 (kendall et al. , martinez-Haro et al. 2011 (kendall et al. , mateo et al. 2014 . It is worth mentioning that sight, which is a very important sense for many avian species, is impaired when the body is intoxicated with lead, and this can be life-threating to birds (Birrenkott et al. 2004 ).
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The above facts constitute an important argument supporting a ban on waterfowl hunting.
exposure of game birds to lead intoxication
The described mechanism leading to lead intoxication is intensified in game birds by wounds inflicted during hunts. Lead which penetrates into muscles, internal organs and underneath the skin reacts with compounds in the body fluids and is transported to tissues throughout the body, which results in the disturbed functioning of vital organs (daury et al. 1993 , Falk et al. 2006 , Felsmann et al. 2010 , mateo et al. 2014 .
Birds are shot when flying and such shots (from the underneath and side), even if not fatal, most often damage the muscles (mainly pectoral muscles) - Figure 1 . When pellets are left in the largest muscles, which have Fig. 1 . Gunshot wounds in ducks located in relation to the direction of the shot: A -C; gunshot damage of the skin and the muscles in the same ducks visible after removal of feathers: A1 -C1; inlet wounds (long arrows), muscle damage (asterisks), lead pellet in muscles (short arrow), extensive skin rupture (B1, C1) a rich blood supply, lead can quickly permeate into all tissues and organs. By injuring the muscles, lead pellets prevent birds from species-specific activity (mateo et al. 2001 , cory-slechta 2003 Falk et al. 2006 , madsen, riGert 2007 , Felsmann et al. 2010 . The penetration of even a single pellets to body cavities presents a considerable danger (mateo et al. 2001 (mateo et al. , 2007 (mateo et al. , Binkowski, meissner 2013 . While analysing the above situation, it should be added that birds rapidly change the direction of flight, by moving relatively fast and effectively. Very few hunters can accurately aim and shoot flying birds. It should be emphasized that the recognition of an avian species does not in itself guarantee an accurate shot (aGlioti et al. 1995 , corBallis et al. 1999 ). In the timeframe from a fraction of a second to a few seconds, a hunter has to synchronize the speed of a bird with the velocity of pellets and accurately position the barrel. A fast-moving target is shot at when this motion is taken into account. Aiming straight at a flying bird is the most common mistake and results in a missed (late) shot (deHaene et al. 1998 , corBallis et al. 1999 . Firing an accurate shot requires aiming at the bird with a proper and always changing advance, which is difficult to predict as it depends on the direction into which a bird is moving (away from, towards or from the side of a hunter). In the light of these intricate factors, which influence effective shooting, it becomes clear that the skill of hitting a flying bird is rare (aGlioti et al. 1995 (aGlioti et al. , noer et al. 2007 .
Precise recognition of avian species often becomes impossible in poor light, especially during morning and evening hunts. Just the silhouette of a duck or a goose seen by a hunter does not allow a quick assessment of either the size of a bird or the distance to it. This results directly from the physiology of perception. An additional difficulty arises from vision deficits and an imperfect ethical conduct among hunters. Moreover, psychologists and neurologists have proven that the perception of an individual is not only a result of the transposition of visual stimuli, but is also modulated by other factors (aGlioti et al. 1995 , deHaene et al. 1998 , corBallis et al. 1999 , striedter 2006 . These factors include previous experiences of a hunter, their current knowledge as well as the perception of stimuli in specific situations. Emotions associated with hunting and the willingness to shoot and collect a specific game animal are the other factors that impact the way hunters react (aGlioti et al. 1995 , deHaene et al. 1998 .
Pellets, as intended by constructors, were designed to hurl many small projectiles which, after leaving a barrel, form a cone with the peak directed towards the opening of the barrel (szyrkowiec 1988). Considering the type of a barrel opening in shotguns, an accurate shot can be only fired from a distance of 20 to 25 metres. Further than that, the base of the cone is approximately 1 mm in diameter (szyrkowiec 1988) . This property of pellet guns, together with objective difficulties in firing accurate shots, results in the majority of shots being ineffective. However, some pellets may injure birds that are targeted as well as other birds flying in flocks which are not 790 shot at. In some countries, these properties of shotguns are taken into account, which is reflected in legal regulations on hunting (noer et al. 2007 ).
The performed analysis demonstrates that the above way of hunting inflicts injuries in many birds (daury et al. 1993 , Falk et al. 2006 , madsen, riGert 2007 , Felsmann et al. 2010 , mateo et al. 2014 . Injured birds have difficulty moving, which prevents or hinders their spring and autumn migration (kendall et al. 1996 , Falk et al. 2006 , madsen, riGert 2007 , mateo et al. 2007 . Even with minor injuries, lead in pellets causes intoxication and the dysfunctions associated with intoxication may be manifested in a time period distant from the inflicted injury (kendall et al. 1996 , mateo et al. 2001 , Falk et al. 2006 , mateo et al. 2007 ). This relatively common phenomenon justifies the call for cessation of waterfowl hunting.
The described hazards from lead also apply to predators and scavengers which consume injured or dead birds (kendall et al. 1996 , mateo et al. 2001 , Birrenkott et al. 2004 , BaBińska et al. 2008 ).
exposure of humans to consumption of avian meat contaminated with lead
During a hunting season, consumption of game bird meat is high, especially among hunters' families (mateo et al. 2001 (mateo et al. , aHamed, siddiqui 2007 (mateo et al. , mateo et al. 2011 (mateo et al. , 2014 . The mass of breast muscles constitutes the major part of the total muscle bulk and is the largest portion of birds' meat which is consumed. The method of hunting mallards described herein results in each bird being hit with pellets in the breast muscles (mateo et al. 2011, 2014) - Figure 1 . Consequently, the breast muscles accumulate the highest level of lead (aHamed, siddiqui 2007 (aHamed, siddiqui , mateo et al. 2011 (aHamed, siddiqui , 2014 . According to many studies, the level of lead in the internal organs and muscles of mallards is so high that it presents a risk to humans who consume this variety of meat (Binkowski, meissner 2013 (Binkowski, meissner , daury et al. 1993 (Binkowski, meissner , mateo et al. 2011 (Binkowski, meissner , 2014 . In accordance with the European food law, permissible lead levels in meat destined for consumption are clearly lower than those detected in mallards (European Commission Regulation … 2006 , mateo et al. 2014 . Furthermore, lead concentration is the highest near the channel of a shot wound (mateo et al. 2011) . Traditionally, venison consumption does not require excising the elements damaged by pellets from the muscles and it is not practiced to remove pellets themselves (mateo et al. 2011, 2014) .
Consumption of food with a substantial level of lead is unhealthy. This is also an incomprehensible violation of the rules on food and nutrition safety adopted in the European Union. The preamble to the food law contains provisions pertaining to the need to protect human health and life by eliminating dangerous factors from food while adhering to scientific evidence (European Commission Regulation 2006 Regulation , kasperczyk et al. 2013 . Studies on the content of lead in the internal organs and tissues of game birds have been conducted in many countries and their results confirm that everywhere the 791 levels of elements and chemical compounds are higher than the ones permitted by the food law (Table 1) . Despite this, the cited hazards are overlooked, allowing bird hunting together with the consent for game meat consumption. In addition, the number of shot birds does not have any economical importance and, at the same time, is so high that it creates a risk to public health. In Poland, where the percentage of hunters in the total population is one of the lowest in Europe, there are approximately 120,000 hunters. Considering the fact that a hunter's family is composed of 3 to 5 members, this constitutes about 400,000 -500,000 people, namely 1% of the population, whereas this percentage is much higher in other European countries (Internet 1). It should be emphasized that lead is not the only xenobiotic detected in game birds' tissues and organs. In individual specimens, the levels of cadmium, mercury, pesticides and chemical substances generated by different branches of the economy are very high , mateo, Guitard 2003 , BaBińska et al. 2008 , Binkowski et al. 2013 .
Adhering to the doctrine of human health protection, especially by means of establishing the food law, consumption of game bird meat should be forbidden. This can be achieved in practice only by the ban on hunting for this avian species.
exposure of game birds to startling in their habitats and reduction of habitat areas
In Poland, waterfowl hunting starts around 15 th of August. Depending on atmospheric conditions, young individuals hatched in a given year are at different stages of development. In some years, they may be insufficiently developed to fly skilfully (personal observations). Hunts organized in this season result in birds being startled and forced to fly in less safe locations. In some hunting grounds, individuals may be startled several times on the same day. Stress experienced by birds, especially by young individuals, obviously has a negative impact on their health (colwell et al. 1988 (colwell et al. , sPraker 1993 (colwell et al. , klaassen et al. 2012 . Startled birds are forced to spread wing rapidly, to quickly gain height and to fly away from their habitat. Sudden movements performed at the maximum tension of the muscles with the maximum load on the joints and tendons result in damage to these anatomical structures (colwell et al. 1988 , sPraker 1993 , Felsmann et al. 2010 . Startled birds do not return at once or do not come back to their habitats at all (evans, day 2001 , madsen 2001 , BreGnBalle, madsen 2004 , BreGnBalle at al. 2004 ). In mid-August, the muscular and articular systems as well as tendons in young mallards are not fully developed (sPraker 1993). Injuries, depending on their degree and extension, are present as dysfunctions (colwell et al. 1988 (colwell et al. , sPraker 1993 . Considering the necessity of undertaking autumn migration (the first one for young birds), it should be emphasized that each injury to the locomotor system presents a direct risk to life during migration (colwell et al. 1988 (colwell et al. , sPraker 1993 .
In addition, permission for hunting mallards from mid-August does not include other animal species that live in the same or nearby habitats. Hunts startle these animals with consequences that are at least similar to the those which threaten game birds (colwell et al. 1988 (colwell et al. , sPraker 1993 .
